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HIERARCHICAL STRUCTURE FOR
ACCELERATING RAY TRACING
OPERATIONS IN SCENE RENDERING

BACKGROUND

Ray tracing is becoming an important alternative as a
rendering method in high-performance interactive applica-
tions. This includes industrial and scientific three-dimen-
sional visualization, but also extends to non-graphical appli-
cations like collision detection or the simulation of sound
wave propagation. One of the most interesting and techni-
cally demanding possible use cases is rendering in computer
games, which requires very high and constant image refresh
rates combined with highly dynamic content. These perfor-
mance requirements are particularly difficult to meet in a ray
tracing environment.

One aspect that makes ray tracing more difficult to use as
compared to traditional triangle rasterization is the fact that
some kind of spatial index data structure has to be con-
structed before rendering can begin. Index (or acceleration)
structures are used to perform visibility culling operations
by enabling early rejection of large parts of a scene that are
not visible (e.g., objects that are occluded by a wall).
Without such data structures, tracing a single ray would take
linear time in the number of geometric primitives in the
scene, which is too costly in almost all scenarios. Since
constructing the required data structures comes at a certain
cost as well, it has to be carefully evaluated when and for
which parts of the scene to execute a build. Moreover, not all
types of data structures are equally well suited in different
contexts. Usually, the challenge is to find a good tradeoff
between construction speed and ray-geometry intersection
performance.

Constructing an acceleration data structure over all the
geometric primitives in the scene from scratch each frame is
usually infeasible, as this essentially requires a sorting
process. Thus, interactive ray tracing applications typically
employ a hierarchical scene graph like structure to represent
the scene organization, including geometric primitives and
spatial indices. Only when changes are detected, data struc-
tures are actually rebuilt or updated at different hierarchy
levels.

FIG. 1 illustrates a conventional hierarchical structure 100
for performing ray tracing operations known in the art. The
conventional hierarchical structure includes the following
basic node types that are relevant in terms of interaction with
acceleration structures:

Group nodes 120, 140 allow other nodes to be attached as
children. This represents a region of a scene which is to
be rendered and the union of all children. Each group
node owns an acceleration data structure built over
child bounding volumes.

Transform nodes 112,-112 , 130, 150 represents a space
transformation of the sub-tree below the transform
node.

Geometry nodes 110,-110,, hold a geometric object, along
with an acceleration structure built over the primitives
of the object. The geometric object includes a list of
primitives which define a geometry included in the
region represented by the highest level group node 140,
which is referred to as the hierarchical group node.

The conventional hierarchical structure 100 is organized,
such that the highest group node 140 represents the region
of a scene which is to be rendered. Each of the geometry
nodes 110,-110,,, 160 includes a plurality of primitives that
collectively define a particular geometry. A group node 120

20

30

40

45

55

2

is constructed over several geometry nodes 110,-110,, and
defines an instantiation or graphical rendering of the com-
bined geometries which are defined by each of the geometry
objects 110,-110,. A sole geometry node 160 provides a
second geometry that is included within the region repre-
sented by the hierarchical group node 140.

As shown, the conventional hierarchical structure 100
implements an acceleration structure in each group 120, 140
and geometry node 110,-110,,, 160. Further particularly, the
acceleration structures in geometry node are constructed
over the geometric primitives of the node, while the accel-
eration structures in the groups are built over the bounding
volumes (usually axis-aligned bounding boxes) of the under-
lying children.

For the vast majority of use cases, building acceleration
structures at the group level is much cheaper compared to
building acceleration structures at the geometry object level,
as the number of elements to consider at the group level is
much lower. As a consequence, some systems rebuild only
the top-level structure every frame while not allowing
rebuilds of the lower level geometry at all. In such an
instance, however, only rigid transformations are efficiently
supported. For non-rigid transformations, geometry objects
have to be explicitly replaced by new geometry. Other
systems do permit some additional flexibility, allowing, for
example, arbitrary hierarchy depth, or incremental updates
of acceleration structures in order to support deformation of
geometry. However, these systems still operate using the
same principle of associating one acceleration structure with
each geometry node and each group node. Such an arrange-
ment however requires a rebuild of the acceleration within
the geometry nodes 110,-110,, 160 whenever there is a
change in the geometry defined by the geometry nodes, such
a rebuild being computationally expensive and time con-
suming.

SUMMARY

A hierarchical structure for accelerating ray tracing opera-
tions is presented herein which addresses one or more of the
aforementioned disadvantages. The hierarchical structure
includes a plurality of geometry objects, and a single accel-
eration structure constructed over the collective plurality of
geometry objects. Each geometry object includes primitives
of a predefined type. The primitives within the plurality of
geometry objects collectively define a geometry included
within a region of the scene which is to be rendered. The
single acceleration structure is operable for accelerating ray
tracing operations for the primitives included within the
plurality of geometry objects, and is constructed over the
plurality of the geometry objects without an intervening
bounding volume representation of the plurality of primi-
tives included within the geometry objects.

In other embodiments of the invention, a system and
method for constructing a hierarchical structure representing
a region of a scene which is to be rendered are presented.
The method includes organizing geometric primitives
included within the region of the scene into a plurality of
geometry objects, and constructing a single acceleration
structure over the plurality of geometry objects. Each geom-
etry object includes primitives of a predefined type. The
primitives included within the plurality of geometry objects
collectively define a geometry included within a region of a
scene which is to be rendered. The single acceleration
structure is operable for accelerating ray tracing operations
for the primitives included within the plurality of geometry
objects, and is constructed over the plurality of the geometry
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objects without an intervening bounding volume represen-
tation of the plurality of primitives included within the
geometry objects.

In further embodiments of the invention, a system and
method for rendering a region of a scene are presented. The
method includes the aforementioned method of constructing
a hierarchical structure representing a region of a scene,
whereby primitives are organized into a plurality of geom-
etry objects. A single acceleration structure is constructed
over the plurality of geometry objects, whereby the con-
struction excludes an intervening bounding volume repre-
sentation of the plurality of primitives included within the
geometry objects. The method further includes tracing a ray
against the constructed hierarchical structure to render the
region of the scene.

These and other aspects of the invention will be better
understood in view of the following drawings and detailed
description of some exemplary embodiments of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a conventional hierarchical structure for
accelerating ray tracing operations in scene rendering as
known in the art.

FIG. 2 illustrates a first embodiment of a hierarchical
structure for accelerating ray tracing operations in scene
rendering in accordance with the present invention.

FIG. 3 illustrates a second embodiment of hierarchical
structure for accelerating ray tracing operations in scene
rendering in accordance with the present invention.

FIG. 4 illustrates a method for constructing a hierarchical
structure illustrated in FIGS. 2 and 3 in accordance with the
present invention.

FIG. 5 illustrates a method for rendering a region repre-
sented by a hierarchical structure illustrated in FIGS. 2 and
3 in accordance with the present invention.

FIG. 6 illustrates a system for performing methods of
FIGS. 4 and 5 in accordance with the present invention.

For clarity, previously referred to features retain their
indices in subsequent drawings.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

In accordance with the present invention, a new hierar-
chical structure is presented which represents a particular
region of a scene which is to be rendered. The acceleration
structures of the hierarchical structure are not associated
with geometry objects of the hierarchical structure. Instead
in the present invention, a new geometry group is introduced
which is linked to an acceleration structure. The acceleration
structure is constructed over all of the primitives contained
in the child geometry objects, rather than over their node
bounding volumes, as in prior art hierarchical structures.
Compared to prior art approach in which a separate accel-
eration structure is associated with each geometry object and
placing the geometric objects into a group (with an accel-
eration structure built over that group’s bounding volumes),
the arrangement of the present invention provides improved
ray tracing performance, particularly when object bounding
volumes overlap.

FIG. 2 illustrates an exemplary hierarchical structure 200
for accelerating ray tracing operations in accordance with
the present invention. The hierarchical structure 200
includes a plurality of geometry objects 212,-212,, and a
single acceleration structure 214 constructed over the plu-
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4

rality of geometry objects 212,-212,. Each geometry object
212 includes primitives of a particular type, In an exemplary
embodiment, primitives of differing polygon types are
grouped separately, e.g., spherical, rectangular and triangu-
lar polygons are grouped into respective geometry objects.
The invention is not limited to polygon primitives, and any
primitive (e.g., points, lines, higher order surfaces, etc.) may
be used in accordance with the invention as well.

The primitives within the plurality of geometry objects
212,-212,, collectively define a geometry with a region of a
scene which is to be rendered. As an example, the hierar-
chical structure 200 may correspond to the region of a wheel
for a car which is to be rendered. The geometry objects,
exemplary two: a first geometry object 212, containing
rectangles to form a parallelogram, and a second geometry
object 212, (not explicitly shown) containing triangles to
form a triangular mesh, collectively define a particular
geometry of the wheel region, e.g., the rim of the wheel.
That is, the rectangular and triangular primitives collectively
form the geometry of the rim in the illustrated example.
Other parts of the wheel region (e.g., the tire of the wheel)
are defined by one or more additional geometry groups of
the hierarchical group node, as will be described below.

The number of geometry objects 212 may be any arbi-
trary, and range from 2 to 100, or more, and more particu-
larly 2 to 10. The invention is not limited to a particular
number of geometry objects, and any number may be used
in accordance with the invention. Further exemplary, each
geometric object is associated with (i.e., linked to) a bound-
ing box program and an intersection program, one or both of
which are shared among the primitives of a geometry object.

The hierarchical structure 200 further includes a single
acceleration structure 214 which is operable to accelerate
ray tracing operations for the primitives included within the
plurality of geometry objects 212,-212,. In contrast to the
conventional arrangement, the single acceleration structure
is constructed over the plurality of the geometry objects
without an intervening bounding volume representation of
the plurality of primitives included within the geometry
objects. In other words, a single acceleration structure is
constructed over the geometric primitives of all geometry
objects 212,-212, combined, without considering a bound-
ing volume representation of each individual geometry
object.

Further exemplary, the hierarchical structure 200 includes
a geometry group 216 which forms a common node for the
plurality of geometry objects 212,-212 . The geometry
group 216 defines an instantiation (i.e., a graphical repre-
sentation or rendering) of the geometry that is defined by the
primitives included within the plurality of geometry objects
212. The geometry group 216 may also include (or receive
as an input) additional information about the material which
is to be rendered, for example, the color, level of detail, or
other aspects of the geometry’s material property which are
to affect the appearance of the geometry. In a particular
embodiment, several geometry groups share the same under-
lying geometry objects 212,-212,, and thus will render the
same geometry, although can provide a different instantia-
tion of that geometry. In this manner, the same geometry can
be rendered with different materials or, more generally,
different sets of input parameters or operations to be per-
formed upon intersection of a ray and a primitive. An
exemplary embodiment of this arrangement is further illus-
trated and described in connection with FIG. 3 below.

Further exemplary, the hierarchical structure 200 includes
a transform node 220 constructed over the geometry group
216 and operable to perform a transformation of a geometry
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defined by the primitives included within the plurality of
geometry objects 212,-212 . The transform node represents
a space transformation of the nodes or sub-tree below it, and
exemplary is a 4x4 or a 4x3 matrix describing the transfor-
mation. Any conventional implementation of this node can
be employed in accordance with the present invention.

Also exemplary, the hierarchical structure 200 includes a
hierarchical group node 230 which is constructed over the
transform node 220 and which corresponds to the region of
the scene which is to be rendered. The hierarchical group
node 230 is characterized by a bounding volume represen-
tation of the region which is to be rendered, and contains the
primitives included within the geometry objects 212,-212,,.
The hierarchical structure 200 further includes a second
acceleration structure 240 constructed over the bounding
volume representation of the hierarchical group node 230
and operable to accelerate ray tracing operations for the
primitives included within the bounding volume represen-
tation.

In a particular embodiment of the invention, the hierar-
chical structure 200 includes one or more sub-trees, each
sub-tree defining an instantiation of a particular geometry
within the region that is defined by it parent hierarchical
group node. Each sub-tree includes a geometry group, and a
single acceleration structure which is constructed over the
primitives included within the child geometry objects of the
geometry group. Features 212, 214, and 216 represent an
example of such a sub-tree 210. Per the above-described
exemplary embodiment in which the hierarchical group
node 230 represents a wheel region which is to be rendered
and sub-tree 210 defines a first instantiation of the wheel
region, e.g., a rim of the wheel region, the additional
sub-tree structure 250 can operate to define a second instan-
tiation of the region, for example a tire which is mounted on
the rim.

The second sub-tree structure 250 includes a geometry
object 252, a geometry group 256, and an acceleration
structure 254. The geometry object 252 includes primitives
which defines a second geometry included within the region
corresponding to the hierarchical group node 230, e.g., the
tire of the wheel region in the exemplary embodiment. The
acceleration structure 254 is constructed over the primitives
included within the geometry object 252, the acceleration
structure omitting a bounding volume representation of
those primitives. The geometry group 256 defines an instan-
tiation of the primitives included within the geometry object
252. A transform node 260 is constructed over the geometry
group 256 and is operable to perform a transformation of the
instantiation which is defined by the geometry group 256.
Exemplary, the transformation is an affine spatial transfor-
mation and is carried out using a 4x4 or a 4x3 matrix
describing the transformation.

Collectively, the primitives included within the geometry
objects 212,-212, and 252 represent all of the primitives
included within the region corresponding to the hierarchical
group node 230, and accordingly the bounding volume of
the hierarchical group node 230 contains all of these primi-
tives. The acceleration structure 240 is constructed over the
bounding volume of the hierarchical group node 240 and is
operable to accelerate ray tracing operations for these primi-
tives.

As will be understood, the hierarchical structure of the
present invention allows for a simpler combination of dif-
ferent geometry properties. For example, an acceleration
structure can be easily built over several types of geometric
primitives. Further exemplary, each type of primitive may be
stored in a separate geometry object. In addition, keeping
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geometry objects conceptually separated provides an effi-
cient and straightforward way to inform the construction
routine as to which parts of the actual underlying geometry
have changed, which can be useful to speed up the con-
struction process.

The hierarchical structure of the present invention can be
realized as a data structure stored on a computer readable
medium, for example, volatile or non-volatile memory.
Further exemplary, the acceleration structure(s), exemplary
implemented as a data structure stored on a computer
readable medium, is linked to the hierarchical structure as
described above.

FIG. 3 illustrates a second embodiment of a hierarchical
structure 300 for accelerating ray tracing operations in
accordance with the present invention, whereby an accel-
eration structure is shared between multiple geometry
groups. The hierarchical structure 300 includes the previ-
ously-described geometry objects 212,-212,, an accelera-
tion structure 214 for the geometry objects, a first geometry
group 216, a transform node 220, a hierarchical group node
230, and an acceleration structure 240 of the hierarchical
group node. The hierarchical structure 300 further includes
a second geometry group 356, and a transform node 360.
The second geometry group 356 defines a second instantia-
tion for the geometry objects 212,-212,,, for example, pro-
viding a different color level for the geometry defined by the
primitives in geometric objects 212,-212,. The color can be
stored as a shader parameter inside the geometry groups,
where one geometry group exists for each instance, and thus
shader parameters can vary across instances naturally. More
generally, different attributes (e.g., different levels of detail,
texture maps, shading programs) can be assigned to each
instance. The transform node 360 is operable to perform a
transformation of the instantiation defined by the geometry
group 356.

Further exemplary, the hierarchical structure 300 employs
an acceleration structure 214 which is shared between the
first and second geometry groups 216 and 356. More gen-
erally, one acceleration structure can be shared between any
number of geometry groups that share a common underlying
geometry, i.e., have the same one or more geometry objects.
The new hierarchical structure allows multiple separate
groups to share geometric concepts, while differing in all
other attributes that a group may contain. This arrangement
minimizes the required memory footprint and construction
time for the acceleration structure compared to using sepa-
rate acceleration structures dedicated to each geometry
group. Instancing can be implemented as inexpensive reuse
of scene objects or parts of the hierarchy by referencing
nodes (e.g., the aforementioned groups 230, geometry
groups 216, 356, and/or geometry objects 212) multiple
times instead of duplicating them. The sharing of an accel-
eration structure can be performed at any level of the
hierarchy, and attaching/detaching an acceleration structure
to/from a geometry group can be implemented as a highly
efficient operation at runtime.

For prior art hierarchical structures, reconstruction of the
acceleration structure is conventionally handled by propa-
gating changes made to the geometry objects or transfor-
mation nodes to upper levels of the scene hierarchy, and
rebuild all data structures encountered along the way. This is
usually necessary, since in most cases, e.g. when a geometry
object is deformed, its bounding volume changes, and thus
a rebuild of the upper level data structure becomes neces-
sary.

In an exemplary embodiment of the present invention, the
client application explicitly marks each acceleration struc-
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ture dirty if it needs a rebuild, and there is no automatic
propagation of dirty flags. When a geometry group under-
goes changes, it is not guaranteed that the associated accel-
eration structure will require rebuilding. For instance, in
case a geometry group is exchanged against another one
with the same spatial bounds, the resulting parent node
acceleration structure would look exactly like the already
existing one, and thus the cost of a reconstruction can be
avoided. This notion of being flexible in terms of which
objects the acceleration is built on (as opposed to what they
look like) also fits very well into the concept of decoupling
acceleration structures from the scene graph itself and
attaching the acceleration structures to multiple geometry
groups. Preferably, the basic elements on which the accel-
eration structure is built is referenced, e.g., using a child
index.

Further exemplary, the client application also marks
geometry objects as dirty whenever they would cause a
change in the acceleration structure constructed over them.
When an acceleration structure is built over more than one
geometry objects (i.e. when the geometry group to which the
structure is attached to has more than one child), the build
routine may take advantage of “knowing” which pieces of
geometry have undergone changes. It may then be able to
cache certain pieces of data, and avoid re-computing the
entire acceleration structure from scratch.

FIG. 4 illustrates a method for constructing the hierarchi-
cal structure illustrated in FIGS. 2 and 3 in accordance with
the invention. At 402, primitives included within a region of
a scene are organized into a plurality of geometry objects
212,-212,, each geometry object 212 including geometric
primitives of a predefined type. Exemplary, primitives of the
same type are included within the same geometry object.
Exemplary types of primitives include points, lines, and
polygons. A non-exhaustive list of polygons includes tri-
angles and rectangles

At 404, a single acceleration structure 214 is constructed
over the plurality geometry objects 212 for accelerating ray
tracing operations for the primitives included therein. Fur-
ther particularly, the single acceleration structure 214 is
constructed over the plurality of geometry objects 212
without an intervening bounding volume representation of
the plurality of primitives.

The method 400 may include one or more additional
operations consistent with construction of the hierarchical
structures illustrated in FIGS. 2 and 3. For example, the
method 400 optionally includes the operation of construct-
ing a geometry group 216 which forms a common node of
the plurality of geometry objects 212,-212 , the geometry
group defining an instantiation of the geometry defined by
the primitives included within the plurality of geometry
objects 212,-212,,. Additionally operations may be included
in method 400, for example, constructing a transform node
220 constructed over the geometry group 216; constructing
a hierarchical group node 230 over the transform node 220;
and constructing a second acceleration structure 240 over a
bounding volume associated with the hierarchical group
node.

Consistent with the construction of the hierarchical struc-
ture shown in FIG. 2, the method 400 optionally includes
one or more of the operations of: organizing primitives
included within the region of the scene into a second
geometry object 252; constructing a third acceleration struc-
ture 254 over the second geometry object 252; constructing
a second geometry group 256 over the second geometry
object 252, the second geometry group 256 defining an
instantiation of the geometry defined by the primitives
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included within the geometry object 252; and, constructing
a transform node 260 constructed over the second geometry
group 256.

Consistent with the construction of the hierarchical struc-
ture shown in FIG. 3, the method 400 optionally includes the
operation of constructing a second geometry group 356
which forms a second common node for the plurality of
geometry objects 212,-212,; whereby the first geometry
group 216 forms a first common node for the geometry
objects 212,-212,, and defines a first instantiation of the
primitives included within the plurality of geometry objects
212,-212,, and the second geometry group defines a second
instantiation of the primitives included within the plurality
of geometry objects 212,-212, .

FIG. 5 illustrates a method for rendering a region repre-
sented by a hierarchical structure illustrated in FIGS. 2 and
3 in accordance with the present invention. At 502, a
hierarchical structure representing a region of a scene is
constructed, an exemplary embodiment of which is
described in FIG. 4 above. At 504, a ray is traced against the
constructed hierarchical structure to render the region of the
scene. Operation 504 may be performed in accordance with
any known ray tracing algorithms, some of which are
disclosed in the references “An Introduction to Ray Tracing”
by A. Glassner, Morgan Kaufmann, 1989, and “Realistic
Ray Tracing, Second Edition” by P. Shirley, and R. Keith
Morley, A K Peters, 2003.

FIG. 6 illustrates an exemplary system 600 in which the
methods of FIGS. 2-5 finds utility in accordance with the
present invention. The system 600, exemplary a computer
system, includes a graphics processing sub-system 620 and
an output device 640, such as a monitor or printer. The
graphics processing sub-system 620 includes a processor
622, a memory interface 624, a frame buffer 625, and a
scanout processor 626. The processor 622 is operable to
perform any or all of the operations illustrated in FIGS. 2-5
herein, and is a parallel processing architecture in an exem-
plary embodiment. A frame buffer 626 is operably coupled
to the processor 622 for receiving rasterized and raytraced
fragment values for each frame, and for reading out a
composite image of each frame to the output device 640 via
memory interface 624 and link 630 (e.g., a DVI link). In a
specific embodiment, the processor 622 is operable to carry
out one, several, or all of the operations described in any
one, several or more of FIGS. 2-5. Further, the processor 622
may store instruction code for performing the methods of
FIGS. 2-5. In an alternative embodiment, system 600 may
take on different forms (e.g., a personal digital assistant, an
internet device, a mobile telephone, or other mobile device),
and processor 620 may be an embedded in such different
systems. Further alternatively, the processor 622 may take
the form of an application specific integrated circuit or other
hardware/firmware circuit operable to carry out the opera-
tions illustrated in any one, several, or all of FIGS. 2-5.

In one embodiment, system 600 is operable to perform the
operations illustrated in FIG. 4. In this embodiment, the
system 600 includes processing circuitry 622 operable to
organize primitives included within the region of the scene
into a plurality of geometry objects 212,-212,,, each geom-
etry object 212 including primitives of a predefined type,
wherein primitives of the same type are included within the
same geometry object, and wherein the primitives included
within the plurality of geometry objects collectively define
a geometry included within a region of a scene which is to
be rendered. The system 600 further includes processor
circuitry 622 operable to construct a single acceleration
structure 216 constructed over the plurality of geometry
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objects 212,-212,, the single acceleration structure operable
to accelerate ray tracing operations for the primitives
included within the plurality of geometry objects 212,-212,,
whereby the single acceleration structure is constructed over
the plurality of the geometry objects 212,-212,, without an
intervening bounding volume representation of the plurality
of primitives included within the geometry objects 212,-
212,,.

In another embodiment, system 600 is operable to per-
form the operations illustrated in FIG. 5. In such a system,
the processor 622 includes processor circuitry operable to
construct a hierarchical structure representing a region of a
scene according to FIG. 5, and processing circuitry operable
to trace a ray against the hierarchical structure to render the
region of the scene.

As readily appreciated by those skilled in the art, the
described processes and operations may be implemented in
hardware, software, firmware or a combination of these
implementations as appropriate. In addition, some or all of
the described processes and operations may be carried out as
a computer-implemented method, or as computer readable
instruction code resident on a computer readable medium,
the instruction code operable to control a computer of other
such programmable device to carry out the intended func-
tions. The computer readable medium on which the instruc-
tion code resides may take various forms, for example, a
removable disk, volatile or non-volatile memory, etc.

In a particular embodiment of the invention, a memory
(which may be included locally within the processor 620 or
globally within system 600) is operable to store instructions
for performing any of the operations illustrated in FIGS. 2-5.
The memory may take various forms, e.g., a removable disk,
an embedded memory, etc., in volatile or non-volatile form,
and may be included within a variety of different systems,
e.g. a computer system, an embedded processor, a graphics
processor, or graphics processing sub-system, such as a
graphics card.

The terms “a” or “an” are used to refer to one, or more
than one feature described thereby. Furthermore, the term
“coupled” or “connected” refers to features which are in
communication with each other, either directly, or via one or
more intervening structures or substances. The sequence of
operations and actions referred to in method flowcharts are
exemplary, and the operations and actions may be conducted
in a different sequence, as well as two or more of the
operations and actions conducted concurrently. Reference
indicia (if any) included in the claims serves to refer to one
exemplary embodiment of a claimed feature, and the
claimed feature is not limited to the particular embodiment
referred to by the reference indicia. The scope of the claimed
feature shall be that defined by the claim wording as if the
reference indicia were absent therefrom. All publications,
patents, and other documents referred to herein are incor-
porated by reference in their entirety. To the extent of any
inconsistent usage between any such incorporated document
and this document, usage in this document shall control.

The foregoing exemplary embodiments of the invention
have been described in sufficient detail to enable one skilled
in the art to practice the invention, and it is to be understood
that the embodiments may be combined. The described
embodiments were chosen in order to best explain the
principles of the invention and its practical application to
thereby enable others skilled in the art to best utilize the
invention in various embodiments and with various modi-
fications as are suited to the particular use contemplated. It
is intended that the scope of the invention be defined solely
by the claims appended hereto.
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What is claimed is:

1. A non-transitory storage device comprising a plurality
of computer-executable instructions stored therein, wherein
the computer-executable instructions comprise:

instructions to render a scene, wherein the instructions to

render a scene include:

instructions to generate a hierarchical structure that rep-

resents a region of the scene which is to be rendered,
wherein the instructions to generate the hierarchical
structure comprise:

instructions to implement a plurality of geometry objects

including primitives included within the region of the
scene, each geometry object comprising primitives of a
predefined type, wherein the primitives included within
the plurality of geometry objects collectively define a
geometry included within the region of the scene which
is to be rendered;

instructions to implement a single acceleration structure

constructed over the primitives of the plurality of
geometry objects without considering a bounding vol-
ume representation of the individual geometry objects,
the single acceleration structure operable to accelerate
ray tracing operations for the primitives included
within the plurality of geometry objects;

instructions to implement a geometry group that forms a

common node for the plurality of geometry objects,
wherein the geometry group defines an instantiation of
the geometry defined by the primitives included within
the plurality of geometry objects, wherein instead of
the primitives and the plurality of geometry objects
being linked to the single acceleration structure, the
geometry group is linked to the single acceleration
structure; and

instructions to implement a transform node constructed

over the geometry group, wherein the transform node is
operable to perform an affine transformation of the
instantiation defined by the geometry group.

2. The non-transitory storage device of claim 1, wherein
the primitives of the same type are included within the same
geometry object.

3. The non-transitory storage device of claim 1, wherein
the instructions to generate the hierarchical structure further
comprise:

instructions to implement a hierarchical group node con-

structed over the transform node, the hierarchical group
node corresponding to the region of the scene which is
to be rendered.

4. The non-transitory storage device of claim 3, wherein
the hierarchical group node is characterized by a bounding
volume which envelops the primitives included within the
plurality of geometry objects, wherein the instructions to
generate the hierarchical structure further comprise:

instructions to implement a second acceleration structure

constructed over the bounding volume of the hierar-
chical group node and operable to accelerate ray tracing
operations for the primitives included within the
bounding volume of the hierarchical group node.

5. The non-transitory storage device of claim 4, wherein
the geometry group comprises a first geometry group form-
ing a common node for the plurality of geometry objects and
defining an instantiation of the primitives included within
the plurality of first geometry objects for the region in the
scene, wherein the instructions to generate the hierarchical
structure further comprise:

instructions to implement a second geometry object com-

prising primitives defining a geometry for the region of
the scene;
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instructions to implement a third acceleration structure
constructed over the primitives of the second geometry
object for accelerating ray tracing operations for the
primitives included within the second geometry object,
wherein the third acceleration structure is constructed
over the primitives of the second geometry object
without considering a bounding volume representation
of the individual second geometry object;

instructions to implement a second geometry group defin-

ing an instantiation of the geometry defined by the
second primitives included within the second geometry
object; and
instructions to implement a second transform node con-
structed over the second geometry group, the transform
node operable to perform an affine transformation of
the instantiation by the second geometry group;

wherein the bounding volume of the hierarchical group
node envelops the primitives included within the plu-
rality of first geometry objects and the primitives
included within the second geometry object, and

wherein the second acceleration structure constructed
over the bounding volume of the hierarchical group
node is operable to accelerate ray tracing operations for
the primitives included within the bounding volume of
the hierarchical group node.

6. The non-transitory storage device of claim 1, wherein
the geometry group comprises a first geometry group form-
ing a first common node for the plurality of geometry objects
and defining a first instantiation of the primitives included
within the plurality of geometry objects, wherein the instruc-
tions to generate the hierarchical structure further comprise:

instructions to implement a second geometry group form-

ing a second common node for the plurality of geom-
etry objects and defining a second instantiation of the
primitives included within the plurality of geometry
objects.

7. A method for constructing a hierarchical structure
representing a region of a scene which is to be rendered, the
method comprising:

by using a computer, organizing primitives included

within the region of the scene into a plurality of
geometry objects, each geometry object comprising
primitives of a predefined type, wherein primitives of
the same type are included within the same geometry
object, and wherein the primitives included within the
plurality of geometry objects collectively define a
geometry included within the region of the scene which
is to be rendered;

by using the computer, constructing a single acceleration

structure over the primitives of the plurality of geom-
etry objects without considering a bounding volume
representation of the individual geometry objects, the
single acceleration structure operable to accelerate ray
tracing operations for the primitives included within the
plurality of geometry objects;

by using the computer, forming a geometry group as a

common node for the plurality of geometry objects,
wherein the geometry group defines an instantiation of
the geometry defined by the primitives included within
the plurality of geometry objects, wherein instead of
the primitives and the plurality of geometry objects
being linked to the single acceleration structure, the
geometry group is linked to the single acceleration
structure; and

by using the computer, constructing a transform node over

the geometry group, wherein the transform node is
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operable to perform an affine transformation of the
instantiation defined by the geometry group.

8. The method of claim 7, wherein the geometry group
comprises a first geometry group forming a first common
node for the plurality of geometry objects and defining a first
instantiation of the primitives included within the plurality
of geometry objects, the method further comprising con-
structing a second geometry group which forms a second
common node for the plurality of geometry objects and
defining a second instantiation of the primitives included
within the plurality of geometry objects.

9. A method for rendering a region of a scene, comprising:

(1) by using a computer, constructing a hierarchical struc-

ture representing the region of the scene, comprising:

organizing primitives included within the region of the
scene into a plurality of geometry objects, each
geometry object comprising primitives of a pre-
defined type, wherein the primitives included within
the plurality of geometry objects collectively define
a geometry included within the region of the scene
which is to be rendered;

constructing a single acceleration structure over the
primitives of the plurality of geometry objects with-
out considering a bounding volume representation of
the individual geometry objects, the single accelera-
tion structure operable to accelerate ray tracing
operations for the primitives included within the
plurality of geometry objects;

forming a geometry group as a common node for the
plurality of geometry objects, wherein the geometry
group defines an instantiation of the geometry
defined by the primitives included within the plural-
ity of geometry objects, wherein instead of the
primitives and the plurality of geometry objects
being linked to the single acceleration structure, the
geometry group is linked to the single acceleration
structure; and

constructing a transform node over the geometry group,
wherein the transform node is operable to perform an
affine transformation of the instantiation defined by
the geometry group; and

(i) by using the computer, tracing a ray against the

hierarchical structure to render the region of the scene.

10. The method of claim 9, wherein primitives of the same
type are included within the same geometry object.

11. The method of claim 9, wherein the geometry group
comprises a first geometry group forming a first common
node for the plurality of geometry objects and defining a first
instantiation of the primitives included within the plurality
of geometry objects, and wherein (i) further comprises
constructing a second geometry group which forms a second
common node for the plurality of geometry objects and
defining a second instantiation of the primitives included
within the plurality of geometry objects.

12. A system for constructing a hierarchical structure
representing a region of a scene which is to be rendered, the
system comprising:

processor circuitry operable to organize primitives

included within the region of the scene into a plurality
of geometry objects, each geometry object comprising
primitives of a predefined type, and wherein the primi-
tives included within the plurality of geometry objects
collectively define a geometry included within the
region of the scene which is to be rendered;
processor circuitry operable to construct a single accel-
eration structure over the primitives of the plurality of
geometry objects without considering a bounding vol-
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ume representation of the individual geometry objects,
the single acceleration structure operable to accelerate
ray tracing operations for the primitives included
within the plurality of geometry objects;

processor circuitry operable to form a geometry group as
a common node for the plurality of geometry objects,
wherein the geometry group defines an instantiation of
the geometry defined by the primitives included within
the plurality of geometry objects, wherein instead of
the primitives and the plurality of geometry objects
being linked to the single acceleration structure, the
geometry group is linked to the single acceleration
structure; and

processor circuitry operable to construct a transform node
over the geometry group, wherein the transform node is
operable to perform an affine transformation of the
instantiation defined by the geometry group.

13. The system of claim 12, wherein primitives of the

same type are included within the same geometry object.

14. The system of claim 12, wherein the geometry group

comprises a first geometry group forming a first common
node for the plurality of geometry objects and defining a first
instantiation of the primitives included within the plurality
of geometry objects, the system further comprising proces-
sor circuitry operable to construct a second geometry group
which forms a second common node for the plurality of
geometry objects and defining a second instantiation of the
primitives included within the plurality of geometry objects.

15. A system for rendering a region of a scene, the system

comprising:
(1) a processor operable to construct a hierarchical struc-
ture representing the region of the scene, comprising:
processor circuitry operable to organize primitives
included within the region of the scene into a plu-
rality of geometry objects, each geometry object
comprising primitives of a predefined type, and
wherein the primitives included within the plurality
of geometry objects collectively define a geometry
included within the region of the scene which is to be
rendered;

processor circuitry operable to construct a single accel-
eration structure over the primitives of the plurality
of geometry objects without considering a bounding
volume representation of the individual geometry
objects, the single acceleration structure operable to
accelerate ray tracing operations for the primitives
included within the plurality of geometry objects;

processor circuitry operable to form a geometry group
as a common node for the plurality of geometry
objects, wherein the geometry group defines an
instantiation of the geometry defined by the primi-
tives included within the plurality of geometry
objects, wherein instead of the primitives and the
plurality of geometry objects being linked to the
single acceleration structure, the geometry group is
linked to the single acceleration structure; and

processor circuitry operable to construct a transform
node over the geometry group, wherein the trans-
form node is operable to perform an affine transfor-
mation of the instantiation defined by the geometry
group; and

(ii) processor circuitry operable to trace a ray against the
hierarchical structure to render the region of the scene.

16. The system of claim 15, wherein the geometry group

comprises a first geometry group forming a first common
node for the plurality of geometry objects and defining a first
instantiation of the primitives included within the plurality
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of geometry objects, and wherein (i) further comprises
processor circuitry operable to construct a second geometry
group which forms a second common node for the plurality
of geometry objects and defining a second instantiation of
the primitives included within the plurality of geometry
objects.
17. A computer program product, resident on a non-
transitory computer readable medium, and operable to store
instructions for constructing a hierarchical structure repre-
senting a region of a scene which is to be rendered, the
computer program product comprising:
instructions code operable to organize primitives included
within the region of the scene into a plurality of
geometry objects, each geometry object comprising
primitives of a predefined type, wherein the primitives
included within the plurality of geometry objects col-
lectively define a geometry included within the region
of the scene which is to be rendered;
instructions code operable to construct a single accelera-
tion structure over the primitives of the plurality of
geometry objects without considering a bounding vol-
ume representation of the individual geometry objects,
the single acceleration structure operable to accelerate
ray tracing operations for the primitives included
within the plurality of geometry objects;
instructions code operable to form a geometry group as a
common node for the plurality of geometry objects,
wherein the geometry group defines an instantiation of
the geometry defined by the primitives included within
the plurality of geometry objects, wherein instead of
the primitives and the plurality of geometry objects
being linked to the single acceleration structure, the
geometry group is linked to the single acceleration
structure; and
instructions code operable to construct a transform node
over the geometry group, wherein the transform node is
operable to perform an affine transformation of the
instantiation defined by the geometry group.
18. A computer program product, resident on a non-
transitory computer readable medium, and operable to store
instructions for rendering a region of a scene, the computer
program product comprising:
(1) instructions code operable to construct a hierarchical
structure representing the region of the scene, compris-
ing:
instructions code operable to organize primitives
included within the region of the scene into a plu-
rality of geometry objects, each geometry object
comprising primitives of a predefined type, wherein
the primitives included within the plurality of geom-
etry objects collectively define a geometry included
within the region of the scene which is to be ren-
dered;

instructions code operable to construct a single accel-
eration structure over the primitives of the plurality
of geometry objects without considering a bounding
volume representation of the individual geometry
objects, the single acceleration structure operable to
accelerate ray tracing operations for the primitives
included within the plurality of geometry objects;

instructions code operable to form a geometry group as
a common node for the plurality of geometry objects,
wherein the geometry group defines an instantiation
of the geometry defined by the primitives included
within the plurality of geometry objects, wherein
instead of the primitives and the plurality of geom-
etry objects being linked to the single acceleration
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structure, the geometry group is linked to the single
acceleration structure; and
instructions code operable to construct a transform
node over the geometry group, wherein the trans-
form node is operable to perform an affine transfor-
mation of the instantiation defined by the geometry
group; and
(ii) instructions code operable to trace a ray against the
hierarchical structure to render the region of the scene.
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